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(57)Abstract: 

PURPOSE: To enhance reliability of LSI inspection 
system. 

CONSTITUTION: A self diagnosis interval is provided for 
an inspection system 1 prior to function tests of an LSI. 
Application data ID1-n read out from a pattern memory 
30 are shaped through a shaper circuit 40, basing on a 
clock signal CLK generated from a timing generating 
circuit 10, into waveform data TFM1-n which are then 
fed, as output signals TCOM1~n similar to output signals 
COM1-n from the LSI, through a delay circuit 5 to a 
comparison circuit 50 where they are compared with 
expected value data ED1-n of output signal. Comparison 
results FAIL1-n are further compared at a self diagnosis 
control circuit 60 with expected values of decision result 
thus making a decision whether the inspection system 1 
outputs correct inspection results or not. 
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* NOTICES * 

Japan Patent Office is not r sponsible f r any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Test equipment for semiconductor integrated circuits which inspects two or more 
functions of a semiconductor integrated circuit by comparing with the expected value which 
gives two or more signals for an examination which are characterized by providing the following, 
and which are beforehand set to a semiconductor integrated circuit, and defines the output from 
a semiconductor integrated circuit beforehand. A signal generation means to generate the signal 
for a diagnosis beforehand defined before each functional test start Control means which 
diagnose whether the functional test of a semiconductor integrated circuit is correctly 
conducted using the signal for a diagnosis. 



[Translation done.] 



http://www4.ipdl jpo.gojp/cgi~bin/tran^web_cgLeije?u=http%3A%2F%2Fwww6.ipdljp... 2003/10/01 



1/5 <<— V 



* NOTICES * 

Japan Patent Office is not responsible f r any 
damages caused by th use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the test equipment for semiconductor integrated 
circuits which inspects the function of a semiconductor integrated circuit (it is written as 
Following LSI). 
[0002] 

[Description of the Prior Art] Conventionally, LSI test equipment impresses the test pattern for 
testing each function of LSI to the input terminal of LSI, the output data corresponding to this 
are compared with the expected-value data with which an output is expected when LSI is 
operating normally, and LSI judges an excellent article and a defective. This test pattern is 
created so that it may not leak, and all the circuits included in LSI may be operated and the 
result of the operation can distinguish from output data. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when a certain fault arises in LSI test 
equipment, an excellent article is judged to be a defective, or it may also happen to judge a 
defective to be an excellent article depending on the case. 

[0004] For this reason, an attached diagnostic program is periodically used for LSI test 
equipment, and the function and precision of all circuits are inspected. However, this inspection 
takes several hours and, for this reason, inspection is usually once conducted at a rate in several 
months. Although the attempt which inspects a function at a shorter interval is also made using 
the simple diagnostic program, the period after inspection will be used without checking anything 
till the next inspection. 

[0005] The purpose of this invention is offering the reliable test equipment for semiconductor 

integrated circuits. 

[0006] 

[Means for Solving the Problem] this invention is test equipment for semiconductor integrated 
circuits characterized by to be included a signal-generation means generate the signal for a 
diagnosis beforehand defined before each functional-test start, and the control means which 
diagnose whether the functional test of a semiconductor integrated circuit is correctly 
conducted using the signal for a diagnosis in the test equipment for semiconductor integrated 
circuits which inspects two or more functions of a semiconductor integrated circuit by 
comparing with the expected value which gives two or more signals for an examination 
beforehand set to a semiconductor integrated circuit, and defines the output from a 
semiconductor integrated circuit beforehand. 
[0007] 

[Function] If this invention is followed, the test equipment for semiconductor integrated circuits 
will give two or more signals for an examination beforehand set to a semiconductor integrated 
circuit, and will inspect the function of a semiconductor integrated circuit by comparing with the 
expected value which defines the output from a semiconductor integrated circuit beforehand. A 
signal generation means generates the signal for a diagnosis beforehand defined before each 
functional test start, and control means diagnose whether the functional test of a semiconductor 
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integrated circuit is correctly conducted using this signal for a diagnosis. Therefore, in the 
functional test of a semiconductor integrated circuit, the quality judging mistake of the 
semiconductor integrated circuit of test equipment depended unusually can be prevented, and 
the reliability of test equipment can be improved. 
[0008] 

[Example] Drawing 1 is the block diagram showing the composition of the whole LSI test 
equipment 1 of one example of this invention. A control circuit 2 is a control section which 
controls the LSI test equipment 1 whole and orders it the start of the functional test of LSI, and 
an end. A driver 3 changes into a driving signal the impression data points FM1-n impressed to 
LSI, and supplies them to LSI. A comparator 4 changes the output signal from LSI into logical 
level COM1-n. At the time of the self-test of LSI test equipment 1, it treats like the output 
signal from LSI, without impressing to LSI the data for self-tests by which the store is carried 
out as impression data ID1-n, and a quality judging is performed. Therefore, in order to judge this 
signal using the same circuit as the usual functional test, it is necessary to delay the timing of 
the signal for self^tests a delayed part of the signal produced by being impressed by LSI. A delay 
circuit 5 is a circuit which gives the aforementioned delay to the signal for self-tests. 
[0009] The functional test of LSI test-rate-signal-MCL(s) the timing generating circuit 10, and 
strobe signal STRB for the clock signal CLK for shaping in waveform and a comparison test is 
generated. The pattern memory 30 carries out the store of the impression data ID1-n and the 
expected-value data ED1-n in a functional test of LSI. A waveform shaping circuit 40 operates 
orthopedically the impression data ID1-n read from the pattern memory 30 to the impression 
data points FM1-n using a clock signal CLK. A comparator circuit 50 compares the output 
signals COM1-n from a comparator 4 with the expected-value data ED1-n read from the pattern 
memory 30 to the timing of strobe signal STRB, and outputs the fail signals FAIL1-n as a 
judgment result. The self-test control circuit 60 performs the quality judging of test equipment 1 
in advance of the functional test of each LSI. The self-test control circuit 60 sends the signal 
TEST which shows the inside of a selfHiest, and TEST1 to each block, and diagnoses test 
equipment 1 based on the fail signals FAIL1-n from the comparison-test circuit 50. 
[0010] Drawing 2 is the block diagram showing the internal configuration of the timing generating 
circuit 10 of the drawing 1 illustration. The rate generating circuit 11 generates the test-rate 
signal MCL in the functional test of LSI. The rate generating circuit 1 1 starts operation with the 
control signal START from a control circuit 2, and the generated rate signal MCL is used as a 
reference clock also in the clock generation circuit 1 5 and the strobe generating circuit 1 9 while 
it is supplied to other blocks. If a control signal TEST H Becomes when a control signal START 
is set to high level (it is written as Following H), the timing for self-tests will be generated. The 
rate data memory 1 2 is the memory which carries out the store of the rate data showing a test- 
rate period, and it carries out the store of two or more rate data so that a test rate can be 
arbitrarily changed during a functional test. It is specified by the signal RTTC AD from a control 
circuit 2 which rate is generated. The register 13 for rate data is a register which carries out the 
store of the rate data at the time of a self-test A multiplexer 1 4 chooses either of the data 
from the register 1 3 the rate data memory 1 2 and for rate data with the control signal TEST 
from the self-test control circuit 60. 

[001 1] The clock generation circuit 15 generates the clock signal CLK for waveform shaping. The 
clock data memory 1 6 is memory which carries out the store of the clock data for functional 
tests of two or more LSI, and is specified by the signal RTTC AD from a control circuit 2. The 
register 17 for clock data is a register which carries out the store of the clock data at the time 
of a self-test. A multiplexer 1 8 chooses either of the data from the register 1 7 the clock data 
memory 16 and for clock data with the control signal TEST from the self-test control circuit 60. 
[0012] The strobe generating circuit 19 generates strobe signal STRB which specifies the timing 
of a comparison test. The strobe data memory 20 is memory which carries out the store of the 
strobe data for functional tests of two or more LSI, and the register 21 for strobe data is a 
register which carries out the store of the strobe data at the time of a self-test A multiplexer 
22 chooses either of the data from the register 21 the strobe data memory 20 and for strobe 
data with a control signal TEST. 
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[001 3] Drawing 3 is the block diagram showing the internal configuration of the pattern memory 
30 of the drawing 1 illustration. The impression data memory 31 is memory which carries out the 
store of the impression data impressed to LSI in a functional test Data are read from the 
address specified by address signal PM AD from a control circuit 2. The register 32 for 
impression data is the memory of the small capacity which carries out the store of the 
impression data used at the time of a self-test Data are read from the address specified by the 
address signal TAD from the selfHest control circuit 60. A multiplexer 33 chooses either of the 
data from the register 32 the impression data memory 31 and for impression data with the 
control signal TEST from the self-test control circuit 60. A flip-flop circuit 34 is used in order to 
arrange the timing of the data read from the register 32 the impression data memory 31 or for 
impression data. 

[0014] In the functional test of LSI, the expected-value data memory 35 is memory which 
carries out the store of the expected-value data ED1-n which should be outputted from LSI, 
when LSI operates normally. The expected-value data ED1-n are read from the address 
specified by address signal PM AD from a control circuit 2. The register 36 for expected-value 
data is the memory of the small capacity which carries out the store of the expected-value data 
used at the time of a self^est Data are read from the address specified by the address signal 
TAD from the self-test control circuit 60. A multiplexer 37 chooses either of the data from the 
register 36 the expected-value data memory 35 and for expected-value data with the control 
signal TEST from the self-test control circuit 60. A flip-flop circuit 38 is used in order to arrange 
the timing of the data read from the register 36 the expected-value data memory 35 or for 
expected-value data. 

[0015] At the time of the functional test of LSI, the impression data ID1-n are impressed to LSI 
through a waveform shaping circuit 40 and a driver 3 after this, and an LSI output is further 
inputted into the comparison-test circuit 50 through a comparator 4. Therefore, if the expected- 
value data ED1-n are not delayed a delayed part from a driver 3 to a comparator 4, timing does 
not suit, and the right judgment result is not obtained. For this reason, the timing of the LSI 
output signals COM1-n and the expected-value data ED1-n is doubled using a delay circuit 39. 
[001 6] Dr awi ng 4 is the block diagram showing the internal configuration of the waveform shaping 
circuit 40 of the drawin g 1 illustration. The waveform-shaping section 41 operates the 
impression data ID1-n orthopedically to the wave specified by the clock signal CLK, and outputs 
the impression data points FM1-n. A register 42 is a register which specifies the kind of wave at 
the time of a functional test A register 43 is a register which specifies the kind of wave at the 
time of a self-test A multiplexer 44 chooses either of the data from a register 42 and a register 
43 with the control signal TEST1 from the self-test control circuit 60. As shown in drawing 4 , as 
for the register of the couple which has an output chosen by a multiplexer and the multiplexer, 
only the number of channels of LSI test equipment 1 is prepared. A flip-flop circuit 45 is formed 
in order for the output of the waveform-shaping section 41 at the time of a self-test to prevent 
getting across to LSI via a driver 3, while memorizing the logical level at the time of the 
functional test start of LSI. A multiplexer 46 chooses either the direct output from the 
waveform-shaping section 41 or the outputs from a flip-flop circuit 45 with the signal which 
delayed the control signal TEST1 from the self^est control circuit 60 by the delay circuit 47. A 
delay circuit 47 compensates delay by the waveform-shaping section 41. The data points TFM1- 
n for self-tests of the waveform-shaping section 41 are signals generated like the impression 
data points FM1-n, and a direct input is carried out through a delay circuit 5 in the comparison- 
test circuit 50. 

[0017] Drawin g 5 is the block diagram showing the internal configuration of the comparison-test 
circuit 50 of the drawin g 1 illustration. The comparison-test section 51 compares the output 
signals COM1-n of LSI given through the expected-value data ED1-n and the comparator 4 
which are outputted from the pattern memory 30 in the functional test of LSI, and when 
inharmonious, it outputs H (logical value 1) to the fail signals FAIL1-n as a judgment result. 
Moreover, the comparison-test section 51 compares the data points TCOM1-n for self-tests 
similarly given directly from the expected-value data ED1-n and a waveform shaping circuit 40 
also at the time of a functional test at the time of the self^-test of test equipment 1 , and when 
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inharmonious, it outputs H (logical value 1) as fail signals TFAIL1-n. A multiplexer 52 chooses 
either of the LSI outputs COM1-n from a comparator, and the direct outputs TCOM1-n from the 
waveform shaping circuit 40 at the time of a self-test with the signal which delayed the control 
signal TEST1 from the self-test control circuit 60 by the delay circuit 55. This delay is made 
equal to delay by the delay circuit 5. 

[0018] This output is given to each flip-flop circuit 53 of the number of channels, and the same 
number, i.e., n pieces, and a flip-flop circuit 53 holds the aforementioned fail signals FAIL1-n, or 
TFAIL1-n to the timing of strobe signal STRB. The fail signals TFAIL1-n of a self-test are given 
to OR circuit 54, and if OR circuit 54 has at least one inequality, they will output H (logical value 
1) to the fail signal TFAIL. 

[0019] Drawing 6 is drawing showing the internal configuration of the self-test control circuit 60 
of the drawi ng 1 illustration. A counter 61 is a rise counter which carries out counting, adding 
with the test-rate signal MCL The output of a counter 61 is used as the address of the 
impression data memory 31 at the time of a self-test, and the expected-value data memory 35. 
A register 62 carries out the store of the number of rates at the time of a selfHest. A 
comparator 63 compares the output of a counter 61 with the number of rates by which the store 
is carried out to the register 62, and if in agreement, it will output a low level (L) as a signal 
TEST. Therefore, after H (logical value 1) of a control signal START is outputted, the period for 
the number of times of the rate by which the store was beforehand carried out to the register 62 
turns into a self-test period. Only a period after, as for AND circuit 64, H (logical value 1) of a 
control signal START is outputted from a control circuit 2 until the aforementioned control signal 
TEST is set to L (logical value 0) makes a counter 61 ********** (state where a counter 
performs counting with the test-rate signal MCL). A flip-flop circuit 65 holds a control signal 
TEST by the test-rate signal MCL, and generates a control signal TEST1. A delay circuit 66 is a 
circuit which delays the test-rate signal MCL AND circuit 67 outputs the delayed test-rate 
signal which is given through a delay circuit 66 as a clear signal CLR during [ which is shown with 
a control signal TEST1 ] the self-test. The clear signal CLR is a signal for clearing the fail signals 
TFAIL1 -n at the last of each rate. Expect memory 68 is memory which carries out the store of 
the expected value of the judgment results TFAIL1-n for every rate at the time of a self-test. A 
flip-flop circuit 69 holds the data read from expect memory 68 by the test-rate signal MCL. A 
delay circuit 70 is a circuit for doubling the timing of the fail signals FAIL1-n compared by the 
comparator 71, and the data read from expect memory 68 like a delay circuit 39. A comparator 
71 compares the output from a delay circuit 70 with the fail signals FAIL1-n from the 
comparison-test circuit 50, and when inharmonious, it outputs H (logical value 1). A flip-flop 
circuit 72 incorporates the output of a comparator 71 to the timing of the clear signal CLR. If the 
output TEST FAIL of a flip-flop circuit 72 is set to H (logical value 1), since it means differing 
from what a self^test result is expected, it turns out that abnormalities are in the circuit of test 
equipment 1. 

[0020] Drawin g 7 is a timing diagram which shows operation at the time of the self-test of the 
LSI test equipment 1 of the drawing 1 illustration. Since drawing 7 is easy, only one channel is 
shown. In advance of the functional test of LSI, the store of the number of rates of the rate at 
the time of a self-test, clock data, strobe data, impression data, expected-value data, the kind of 
waveform shaping, and a self-test period and the expected value in each rate is carried out to an 
above-mentioned register and above-mentioned memory. Moreover, a counter 61 and flip-flop 
circuits 65 and 72 are initialized. 

[0021] A self-test period is made into two rates in the example of the drawing 1 illustration, and 
impression data are set to L (logical value 0) at the 1 st rate, and are set to H (logical value 1 ) at 
the 2nd rate. It shall be given by H (logical value 1) at the 1st rate, and, as for RZ (return toe 
zero) wave and expected-value data, the kind of waveform shaping shall be given for the 1st rate 
and the 2nd rate with the 2nd rate by the fail signals FAIL1-n of L (logical value 0), as for the 
expected value of H (logical value 1 ) and a diagnostic result. 

[0022] By the above initialization, since a control signal TEST and TEST1 are H, if a control 
signal START is set to H from L, a selfHiest period will come. Moreover, the test-rate signal 
MCL for self-tests, clock signal CLK, and strobe signal STRB are generated during this period. 
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Moreover, the whole of each circuit in test equipment 1 is switched to self-tests. 
[0023] The address signal TAD which is the output of a counter 61 is counted up synchronizing 
with the test-rate signal MCL, and counting of it is carried out until it is in agreement with the 
rate data value 2 by which the store is carried out to the register 62, as shown in drawin g 7 . 
Therefore, the self-test period t1 serves as two rates. As the impression data ID 1 are shown in 
drawin g 7 , as for the inside of the 1 st rate, the inside of L (logical value 0) and the 2nd rate 
changes like H (logical value 1), and the data point TFM1 for self-tests orthopedically operated 
by the clock signal CLK at RZ wave serves as an output signal TCOM1 through a delay circuit 5. 
[0024] This signal TCOM1 is compared by the timing of the expected-value data ED 1 and 
strobe signal STRB, and the fail signal FAIL1 which it is as a result of [ of the comparison-test 
circuit 50 ] a judgment is acquired. Although this fail signal FAIL1 is set to H (logical value 1) at 
the 1st rate, since it is cleared at the last of a rate, it serves as a wave like dr awin g 7 with the 
clear signal CLR. 

[0025] Furthermore, the fail signal FAIL1 is compared with the expected value of the fail signal 
FAIL1 by which the store is carried out to expect memory 68, i.e., the output data from a delay 
circuit 70, by the timing of the clear signal CLR in a comparator 71. The output of a comparator 
71 is held at a flip-flop circuit 72, and is outputted to a control circuit 2 as a fail signal TEST 
FAIL. Since the fail signal FAIL1 is set to H (logical value 1) at the 1st rate and is set to L 
(logical value 0) at the 2nd rate, in accordance with the diagnostic result set up as initial value, it 
is judged with having no abnormalities. 

[0026] Moreover, as the dashed line of drawin g 7 shows, when the clock signal CLK of the 2nd 
rate is not outputted by a certain obstacle, the data point TFM1 for selMiests is still L (logical 
value 0), as a dashed line shows the 2nd rate. Therefore, the output signal TCOM1 which passed 
through the delay circuit 5 also becomes a wave as shown by the drawing destructive line at the 
2nd rate. 

[0027] If such an output signal TCOM1 and the expected-value data ED 1 are compared by the 
timing of strobe signal STRB, as a dashed line shows the fail signal FAIL1, the 1st rate and the 
2nd rate will be set to H (logical value 1). Furthermore, when this fail signal FAIL1 is compared 
with the expected value which is the output of a delay circuit 70 by the timing of the clear signal 
CLR, it turns out that the fail signal TEST FAIL serves as a fixed output of H (logical value 1), 
and abnormalities are in test equipment 1 by the clear signal CLR of the last of the 2nd rate. 
[0028] As mentioned above, since the self-test period of test equipment 1 is prepared using two 
or more test rates of the head of each functional test according to this example, even when 
abnormalities occur in test equipment 1, a judgment mistake can be prevented. Moreover, since a 
self-test period is also 10ns of 1 rate numbers, even if it performs dozens times, there is little 
influence affect a functional test and it ends. 

[0029] Furthermore, although they are separately used for it, carrying out the store of the data 
for self-tests to a register, the circuit used for a functional test with test equipment 1 is being 
used for the circuit used for a diagnosis. Therefore, the far-reaching abnormalities in of the test 
equipment 1 interior are detectable. 

[0030] Moreover, in this example, although the self-test period was made into two rates, a seif- 

test period may be extended and diagnostic contents may be increased. 

[0031] 

[Effect of the Invention] As mentioned above, according to this invention, a signal generation 
means generates the signal for a diagnosis beforehand defined before each functional test, and 
control means diagnose whether the functional test of a semiconductor integrated circuit is 
correctly conducted using the signal for a diagnosis. Therefore, the functional test mistake of the 
semiconductor integrated circuit produced by the abnormalities of test equipment can be 
prevented, and the reliability of test equipment can be improved. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the composition of the one whole example of this 
invention. 

[Drawing 2] It is the block diagram showing the internal configuration of the timing generating 
circuit 10 of the example of the drawing 1 illustration. 

[Drawing 3] It is the block diagram showing the internal configuration of the pattern memory 30 
of the example of the drawing 1 illustration. 

[Drawing 4] It is the block diagram showing the internal configuration of the waveform shaping 
circuit 40 of the example of the drawing 1 illustration. 

[Drawing 5] It is the block diagram showing the internal configuration of the comparison-test 
circuit 50 of the example of the drawing 1 illustration. 

[Drawing 6] It is the block diagram showing the internal configuration of the self-test control 
circuit 60 of the example of the drawing 1 illustration. 

[Drawing 7] It is the timing diagram which shows operation at the time of the self-test of the LSI 
test equipment 1 of the example of the drawing 1 illustration. 
[Description of Notations] 

1 LSI Test Equipment 

2 Control Circuit 
5 Delay Circuit 

10 Timing Generating Circuit 

1 1 Rate Generating Circuit 

1 5 Clock Generation Circuit 
1 9 Strobe Generating Circuit 

30 Pattern Memory 

31 Impression Data Memory 

35 Expected-Value Data Memory 

40 Waveform Shaping Circuit 

41 Waveform-Shaping Section 

50 Comparison-Test Circuit 

51 Comparison-Test Section 

60 Self-test Control Circuit 

61 Counter 

63 71 Comparator 
68 Expect Memory 



[Translation done.] 
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So 

[0 0 0 5] *«9§OBtttt, OMttOK</^¥«tt«tt 
[0 0 0 6] 40 

HKp 6 ©ffi7J*^46$£i6 5 JVJft (I Jt«rr 5Ctic<J:o 

m^x*mtemm®&<»mmm&ftiE l < fr*>ft*a*s 

[0 0 0 7] 50 



it. ^&mmmmc?it>j£tb2>&®L<D&8gimm^z* 

S»»«»lHlBO«(iltt3(E^iEL < fT*>ft*>tnif 3 
^S^BOS^tc J; 3 #SWMfc«@l»o A5«Jt 5 x * 

[0 0 0 8] 

[*&E0"J] H 1 ti, *KWi<D-nmm<DL S I ttSttB 
It, LSI &S=gB 1 £fc*»JWU L S I 4)«fl&|*£ 

©mate, mr zmw^v&Zo K^-f/oa:, 

L S I tcEPAn-r«9ltoiSJBT f — ^ FM 1 ~n*ig»«^ 
K^&U LSHCM«„ 3>vSL— *4fi, LS 
I fr&©tti73#*t£ift3L'^;l'C0M 1 ~ n tc^-r 

5o ls i *£*=ga i (Dtt&mmcit, ehaot 1 -^ i 

D l~n t LTXhT£ftTl^3tei£Hftffl-r-*£\ 

l s i icepsmmc l s i frzomtsm^tmmciR 

Mt^O^SV^Ji^Si&gtfi&So iiSE[HSg5 

[0 0 0 9] ><?ft£MS&l 0«, LSIOii 

^ffitO-rXhL'-hfl^MC L, jSfgB^-TSfc*©^ 
a -y ^ff^C L K*5 J:t>*lt«E¥iJ^<D/ii60X h a-^ff 
§STRB^4t5o /^-^tUSOli, LSI 
<D*Mg&2T-<Depj!inx-2 1 D l-nfeitf^tttf- 

— >^*'J 3 Ofre^WLfcepiO-r— # lDl-n^ 
^n-y^fl^C LK^ffifflLTfflAnS^-r— ^FM 1~ 
ntCgE^-r«o ltKlHlffi5 0a, 3y/<l/-^4^f»it) 
tBtlll^COM l~nt, ;^->^t'J3 0^c.M(ii 
Lfc^fflx-^E D l~ni:?:Xha-^*li^STR 

F A I Ll~n *tbt)TZ<, i B^BfSiJffllllK 6 0 «, 
SLS1 <D«fi6*teS»c5fefifB, 1^SSB 1 OfcgWffi* 
tT-5o iBI^»r$iJffll[HlSS6 0tt> SBteK^^-Tfi^ 
TEST, T E ST 1 *&7ny ZlcmO. JtK^HI 
SS5 0A^W>'x'l';U{f#F A I L 1 —ntcS^VT^ 

fi^s i j&»w-ra 0 

[o o i o] mzit. m i s^co^-i' = >yis«feiiiiiS i 

0(Orta^fi£%^-r^"n-y^iaT-feS„ U-FfSSEHK 
I 1B> LSI ©«l*6«l«»C*5^S-rX F U- Ffl^M 
CL^^ttSo U-F%3ttlslKl Hi, »J8IIIh1BS 2 ^ 
SOSijaifi^STARTtCiorffil^^U 



(3) 



4$r*W 6- 1 2 3 7 5 9 



3 

ntz u- Mi^tM c l amcoyu y ? ictfla&sn* t 

SUff^TE STtfH&6&\ gai^ffl^^v^^ 
£lT£o b-hf-^^t'J 1 2te. 

^x* i s^e^-r-^o^^ou^n^, sbi^k 

[0 0 1 1] ?uy?n%L®$&l 5^. i&mMBmcD? 

T^^eUTfetK 3»©&2^60{I^R TTC_A 20 
DtCctoT^^nSo ^n>y^-*/BOl^x* 1 

U 1 §&&TS5uyZ'r—Zm<Dl'i?7s$ 1 7fr£><Dr ? 

IMfff^TE S TlC^^xmtRT^o 
[0 0 12] Xhn-^^[p]Kl 9«\ ltm\&(D* 

<< ^ y^ttmm? *x > n-^fi^ s t r b ^fg^-r 

£ 0 Xha-^T-^^^U 2 0&. JtSWL S I OS 
fg^fflXbn-^-^X hT-T^^^eUTSD. so 
XhD-7f-^l/^X^2 1 teSBI£«B$<DXh 
D^f-^^XhZt^L/^X^tg^o v;l/^*^b 
^2 2^ SMI^T E S TtCJ;oTX h D-7f- 
2 O&^tfXhn— ^r— ZmvisisXZ 2 1 

[0013] m3iz, m 1 m^o/^-^^^u 3 00 

1 Ci, StgM*^*5V>TL S I tc^ijp-r^^n-r-^^: 
XFjn^^'Jt^o *Ji, SUSIES 2 fr^O 
7KUXfl-^PM_ADtCj:oT^^n/c7 7 Kl^X^ 40 

zmmznzo muT-zmcDUisxz 3 2&, 
^tc^ffl^^aiiax-^^xhz-r^/j^fio^-tu 

D^^oTfi^^nfcTKux^^^-^^m^n 

(Dmmm^T ESTtaot, epsp^-^^eus i£> 

iDf-^^^U 3 1 SfcJiEPJffl-r— £ffl<DUS/*X£ 3 2 



[0 0 1 4] Mf^^^J3 5(^ LSIOStg 

^tc^v^T. l s i tfmmcmftLrzWi^icL s i & 

effiASnS^tWfifilf-^ E D l-n^h7t§ 
^'Jm W8«f->EDl-ntt, *JfflI[HlgS2 
frBOT 7 KbXl§PM_A DtaoT^n/c7 K 

l/Xl§T A DtC^oTg^nfcT Fl/X^Br-^ 
tfRHiSnSo v;L/^^U^^3 7 

*^6U 3 5fe<J;t>^#faT f --^ffl01xyx^3 6fr£<0 

ESS 3 8fc*. «B?*«7*-**^y 3 5Sfe«W«MB-r- 

[0 0 15] LSI Oitt^ffiSJtc^ BliP-r-* I D 

TL S ncBPiP^tl. £6tC. L S I mt)tezi>/iU- 
^4*^LTJt«WffiIil»5 0K:X**n*o Lfctfo 
T , F 5 ^ > * 3 *>> 6 3 V/ S U— £ 4 $ "CO jISKfrJStf JH 

B3 9»^, LSIfflAWCOMl-n^Ufi 
f-^ED 1 -rKD^^^y^b^o 
[0 0 16] H4«, BlB^4)i&l£fiJg|sIB4 OOfl 

I D 1 — n*?Uytm*§C LKfc:<J;oTjg£<* 

cDMm%mm-Tz>i/i?x2T&z>o ^^yu^v-A a 

tt, SB8^»*JSil[HlK6 0^6O$iJWf#T ESTHC 
«fcoT. U^X#4 2*5j;lfU> ? X*4 3^e»Of-^ 

—tt<D l^x * i: f*. LSI «IS^S l o^«v 
frJ»»6tl*o 7yy^70y^BB4 LSIO 

»(»Oil[»»HB4 10« F5-r^3*«ftL 
TLS I t-cetoSCi:«:B6<^«)tc:H:tt&n«o 
^U^-^4 6i4, SBI#W^JfflllHl^6 0^6OWW!f 
T E S T 1 ^:3iS[Hl^4 7 T*51^ oT. 

©SS4 nmmmB&A ltcx&m&itwiitr** mm 

0, Jt«W3eiSB5 0^51ElHlB5^LTiS^A^^ 



[00 17]B5tt, HI H*©J£«¥U^IeI& 5 0 <Drt 

s i (owmkmc^r/^-^^v 3 o ft* & art s 

ft«WI$lf-* EDl-nt3^l/^4^LT 
4*6hSL S I OfflMfCOM 1 — nfc*Jt«U 
^F— W3ttt*fcLT7x>f7l/«*F A I 

l i-ntcH ciftsffli) ^m^-r^>o *fc, JtKne 

**t«fcBI«K, WSflf-^ED l^n^MBBB 

4 o en* i EMmmm&T-* tco 

Ml-n^*Jt«U 147 x>f7l/«#T 

FAIL l-n^LTH (illl) %&£l'?Z>o 
f^^52(t r3>/^U— W^OL S I WftCO 
M i-ni:ia»»r^<0«JBfiBBli|gS4 0ft^6OiB»a 

^TcoMi-n fcov^-rhft^*aa»w*jiiiigB6 o 
*^6o»j«i«#T e s t i %mm\B\&5 s-emnsittt 

[0 0 18] C<DmtHZ^ ***>l$l£mm?%:t>%n 
m(D&yVv77Uy*7®&5 3K#*iE>*U 7 ] Jy^ 
yn^^lUSSS 3(4, ^x^l/ffFAILl-n 
icfcteTF A ILl-n^ X h D— S T R B (O 
ZJ^Xf-VUn-tZo SS»K07x>l';l/StTFA 
ILl-ntt, O R (UK 5 4 &c#*£*u OR0854 
J4 1 ?-V>*/l/T*fc^— S*Wf7x^;H§T F A 

i LtcH ami) ^m^-r^o 

Co o i 9] met*, m i B^eai£»r»jffliiH]s&6 o 

^V^TrfcSo *»)^6 10HiWi, SSI^WBfO 
BMrax— ^p^U 3 1 *> <£ JWftfil-r — 2*"EV 3 5<r> 
7Kl/XklTffifflSn« 0 U> ? X*6 2t4. SBl^K 
«FOLr-h««rXhT-r«o ittt»6 3«. **>*6 
l<DfcB;fcfc, U^X*6 2tCXhT«nTV^U-h» 
fc*£t«U -grrntfft^T ESTi: LtD-U^l/ 
(L) ^tH^|*rSo LfctfoT, WI^START^ 
H (IftJIffil) 

3 0 A N DIhIKI 6 4 f4> *J»IsIB 2 ft^*J«HS# S T A 

rtcdh (hid *^m^*tiTft^6. mmm\m 
test^l mmmo) fcft*ST»©jHiBJSW\ 

>Z6 l«vf*-:77l/ (*^^mhl/-hfi^M 
C UC£oT§J-«*^5:KjB) K*T£o 7U7/7P7 
^lelgSeSti, a»i§TEST*fXhU-hi§M 
C LT*«J*U wjw«^t E S T 1 ^fl^*r^>o jI3£IU 
ES6 6-J4* -rXhU- hfi^MC L 
$>£ 0 ANDEIK6 7«. Wfl^TESTlt'^n 
SiSS^BrWH*. 5ffiffilHlK6 6*ttLT#*&tlSig 
^^nfcT-XhU-hft^. ^'J7IfCLRtlt 



(4) 6- 1 2 3 7 5 9 

6 

m^-r^o ^U7i^CLR(l Sl/-h©iiT*7x 
Y;l/i§TFA I L 1 — U 7T£ -^§T'& 
£o JBfMI^D 6 gB^Bf^cO^U-hftcOW 

^ssmTF a i l l — no^ttfii^xhT-r^^^u-r 

7U^y7n^y|pIgS6 9«W^pffl^^rU 6 8ft^ 

3o jisiHisg7 oa. 31M0SS3 9tra«, tm^7 1 
10 rztb<D®mr*&2> 0 \tm^7 1 w&mmi 0^50 

ttirti:, JtKWSEIB 5 0^6OTx^;H§FA I L 
■T^o 7Uy^ny^laIgS7 2 «\ it®§§7 1 <Dmtl 
oy?iB7 2(Dmt}T E S T_F A I Lft^H (fltfitt 

i) tc%ntf> eB»w*s*ftTO?tsn*fc©4:»oT 

[0 0 2 0] H7li, Bl H/f^L S I ^tt^B 1 OS 
20 B^KWOftf^ftsR-r^-YA*-^— htgSo H7ti. 
fB#<7}/c#> 1 ^-V^;MCOV^TO^*T 0 . L S I comfit 

Tosa^fii* tasBo u^x * t>*^ u icx h t lt 

6 5, 7 2^rW^ftbT^<o 

[0 0 2 1 ] 0 1 H^0^3SfifiWT*tt. Sa»KNlH«2 

30 o) , S2i/-h7?H (laaffii) i:*r^o w&m&<r> 

l£DWWi^ll/-hT'H (Il3ffll) . »2U-h 
tL (JftaffiO) <07x>f;HltFA I L 

[0022] stiaiOcfc^^^ft^^oT, mmm^T 

EST, TESTl^HTSS*^^ SWllfSTAR 

T^Lft^6Htca«t, ea»wf»Htas 0 sft, c 

40 ^CLK, XhD-7I§STRBtfaSShS 0 

[0 0 2 3] ^7^>^6 1 Otii^Tfe^TKUXm^T 
7^U H7tC^rcfc-5^U^X^6 2tCXh7*nT 

t^ix-hT f -^{i2h— s*r^*T*it^^n^> 0 l/c 

I D 1(4, 0 7 tc^-TJ: 5 fc, ^1 h 4^t4 L (l^a 
fflo) , *2l/-htttH (Mill) co^^tc^ft: 



(5) 



#W6- 1 2 3 7 5 9 



tt&mmmmy 1 -* t f m i t>mm®& 5 *mx&ti 

fl^T COM 1 i:&S 0 
[0 0 2 4] C<D<I#TCOM 1 t>\ mnmf— ZED 

tbieW^IMISS 5 0 ©W^IS^T'fe 57i^ ;Wf *ir F A I 
L 1 #t§6*lSo lKD^x-OWS^F AILltt, %1 
b-hT-H (liSiiHIl) i:&Sttniffc, ^'JJfitC 
LRfC<fcoT, h<Dg&T*^ l .J7'2nS<DT\ 07 

[0 0 2 5] Jf.K7H';HfFA I L 1 tt> flB^ffil 10 
^^■J6 8tCXh7^nTU^^-7x-r;Hi-^FA I L 1 

(omwrn. 5i5iia8S7 o*>>e>©w73-r-* 

i^Jt««n*o tt«»7 1 Officii, 7'J777D7 

70^7 21:^^ 7i-f;H^TEST_FAI 

Li:LTM$P@S82lcm;>j£*x3o 7n , ;HfFAl 
L lit. mi U-hT-H (H1B1) , Sg2^-hT*L 

[0 0 2 6] 3:fc, 07 ©®*9T^-r J: 3 ftt>fr<D 20 
PtStC J: r> TJg 2 U- h <D t D -y * ft ^ C L K tftiitl 2 

2 U— htc*5t^Tfe»^T^-rcfc3lCL (fiUIfiiO) <£> 

COMliJfc, fg 2 U- 1- T'H^K^T-^-r J: 3 
Jfctii&So 

[0 0 2 7] C^J^&m^fi^TCOM 1 t^ffM-r 
— *ED 1 i:A^hD-^ft^STRBt0^^5>^*T 

j:b«<?nsfc, 7^'?nf fa i l nmmr^-r^ 

■5tcfgi^-K fg2U-hi:t>£H (fiSMl) 30 

5„ COTn'AifFAI L 1 ^il^lElSS 7 

0©m*/T-£3HI3^fiIi:, ^UTfi#c lro^^;> 

RT', 7H';HfTEST_FA I Ll&H (HSfil 

1) co-^tts^&o, issiiicsmscttf 

[0 0 2 8] W±©£?K#*J5£Wc£nt;i\ 

^mmmt>, iwmion st-sso^ st+ia 

[0 0 2 9] ZZK, iBI£B£fflOy ? -££SU&U->*X 
So Lfttf^T, t£gg§B 1 rtffOSBOlSKHlctofe 



[0 0 3 0] Sfc, **§£0l.ltC*5^Tfi. IBtiWPI 

SSrti^LTtxfc^o 

[00 31] 

|pj±-TSCi:^T'^So 

[0 1 ] *m*<o-*mm<D£W<om$.*7rs-t-7uy z 
[02] 01 myf^mmmo)^^ = 1 o © 

[03] 0 1 0^©*fi60!l<D/<*— >;<*'J 3 OfOrtSP 

[0 4 ] 0 1 m^vmrnmcDmBMB®® 4 0 to^gem 
[05] 01 m7K<o$iffim<Dik%tmj£®s& 5 0 (otH^m 

[06] 0 1 HCT0£ffiffl0SB&KIM*llaU&6 0<OF«9 

[07] 0 1 m*(o$imm<v l s itstiidiBt 

1 LSI 

2 fHSPHSg 
5 jBfimB 

10 9>fz.>y&3zmR 

1 1 U-hR£|sH» 
1 5 ^n-y^fg£|I]gg 

19 71-n-71£lslK 

30 

3 1 eniax-^^^e'; 

3 5 «f«lf->^*'J 

4 0 mBmB®& 
4 1 mmB® 

5 0 JttPNjElsIB 

5 1 it^fJ^SP 

6 0 tt&mmwm 

6 1 

6 3, 7 1 ttestg 

6 8 W«fffiL*€r'J 
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mmW- 6- 1 2 37 5 9 
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13 



17 
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-21 



B 



TEST 
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-11 



-C 



15 



<7DV7fe!l 



STRB 



-10 



-CLK 



ED1~rv 
TE5T1- 



TFAIL- 



STRB 



[0 5] 



— p 



•55 



51 



Jfc 8c *J Jt 



54 




GR 



B 
A 



52 



CLR 



1V53 



50 



■TCOMVn 
=C0M1~n 



CLR FAI 
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[03] 
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%fffl¥ 6- 1 2 3 7 5 9 



[H4] 




(10) 



Wm¥ 6-123759 




(11) 



[H73 



START 

MCL 

TAD 

TEST 

TEST1 

ID1 

CLK 

TFM1 

TC0M1 

EDI 

STRB 

FAIL1 

CLR 

TESLRVIL 
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